Objective To assess the risk factors for delirium in patients admitted to a rehabilitation unit for acute or subacute neurological or musculoskeletal disorders. Methods We reviewed the medical records of 537 patients admitted to a rehabilitation unit and selected 398 patients in the acute or subacute stage of various neurological or musculoskeletal disorders. Among them, patients who had suffered from delirium were categorized into the delirium group (n=65), and the other patients were categorized into the non-delirium group (n=333). As potential risk factors for delirium, the patients' diagnosis, underlying disease, demographic data, hospital stay duration, surgery, and laboratory findings were reviewed, and the differences between the two groups with respect to independent risk factors were analyzed. Results The average age in the delirium group was higher; the hospital stay and pre-transfer periods were longer. A large proportion of the patients were admitted for musculoskeletal disorders, and many patients had diabetes mellitus, dementia, and depression as underlying diseases. Laboratory tests revealed increases in the white blood cells (WBC), glucose, blood urea nitrogen (BUN), total bilirubin, aspartate transaminase (AST), erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) levels in the delirium group, while the hemoglobin, calcium, phosphorus, protein, albumin, and potassium levels were decreased. Depression, musculoskeletal disorders, traumatic brain injury, elevated WBC, BUN, AST, and CRP levels, and decreased potassium and phosphorus levels were identified as independent risk factors for delirium. Conclusion Risk factors treatable before delirium onset were identified in rehabilitation patients in acute and subacute stages of various disorders. Early diagnosis and prevention of these risk factors could decrease delirium occurrence and increase rehabilitation effectiveness.
INTRODUCTION
Delirium is an acute state of confusion, and it can be defined as reduced ability to direct, focus, sustain, and shift attention and orientation to the environment. There is an accompanying change in at least one other area that may include memory and learning, disorientation, alteration in language, or perceptual disturbance. Delirium develops over a short period of time, usually hours to a few days, and tends to fluctuate during the course of the day [1] . Delirium often results in poor outcomes, including not only high mortality but also increased hospital stay duration, cost of care, institutional placement rate, and functional and cognitive decline [2] [3] [4] . Therefore, delirium must be prevented or managed properly for achieving a successful rehabilitation outcome.
In patients with predisposing risk factors, delirium is caused by medical illness, complications, invasive procedures, and environmental stress. Therefore, delirium can be a sign of underlying diseases in rehabilitation patients [5] . Delirium significantly impedes the rehabilitation process, and it is important to prevent delirium by discerning its risk factors [6, 7] . Most patients in rehabilitation units are elderly and they exhibit known deliriuminducing factors besides age. However, several recent meta-analyses have not identified consistent risk factors for delirium. Advanced age, dementia, and electrolyte imbalance have been reported as risk factors uniformly, but other factors including sex, medical illness, and psychological problems have been reported discrepantly [8] [9] [10] [11] [12] . To date, studies of delirium risk factors have only been conducted for specific diseases without considering each disease as a potential risk factor. Therefore, comprehensive research on delirium-causing factors including all diseases is needed. The authors conducted a study of the major delirium-causing risk factors in rehabilitation patients in subacute and acute stages of various neurological or musculoskeletal disorders.
MATERIALS AND METHODS

Subjects
The present study included patients transferred to the rehabilitation unit of the Hallym University Sacred Heart Hospital (Anyang, Korea) between January 2014 and October 2015. It was a retrospective study based on the review of medical records of each patient. To analyze the prevalence of delirium in patients admitted to the rehabilitation unit, discharged patients who had been transferred to the rehabilitation unit from other hospitals were excluded from the analysis, because they were considered to be in the chronic or stable stage of disease. Only patients transferred to the rehabilitation unit from a different unit of the hospital were included in the study. All included patients were older than 19 years (Fig. 1 ).
Methods
If a patient had new-onset disorientation, hallucination, cognitive dysfunction, sleep disturbance, anxiety, hyperactivity, or hypoactivity, the patient was referred to psychiatrists who had extensive experience in the diagnosis of delirium, which was performed according to the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-V), definition [1] . The DSM-V diagnostic criteria for delirium are as follows: (A) a disturbance in attention (i.e., reduced ability to direct, focus, sustain, and shift attention) and awareness (reduced orientation to the environment) is present; (B) the disturbance develops over a short period of time (usually hours to days), represents an acute change from baseline attention and awareness, and tends to fluctuate in severity during the course of the day; (C) an additional disturbance in cognition is present (e.g., memory deficit, disorientation, disruptions of language, visuospatial ability, or perception); (D) the disturbances in criteria (A) and (C) are not better explained by a pre-existing, established or evolving neurocognitive disorder, and do not occur in the context of a severely reduced level of arousal, such as coma; (E) there is evidence from the history, physical examination, or laboratory findings that the disturbance is a direct physiological consequence of another medical condition, substance intoxication or withdrawal (i.e. due to a drug of abuse or a medication), or exposure to a toxin, or is due to multiple etiologies.
Assessments of risk factors for delirium were derived from the medical records retrospectively in all patients. The following factors identified as delirium risk factors in previous research were studied: demographic data (age and sex), hospital stay duration (pre-transfer days, posttransfer days, and days of ICU stay), surgery, reason for admission, underlying disease, and laboratory findings. If a patient was admitted presenting with two or more www.e-arm.org diseases, all diseases were considered as potential risk factors. Only surgeries and admissions to the ICU during the study period were considered as risk factors. In the delirium group, only laboratory findings obtained within one week from the time of delirium diagnosis were considered and analyzed. In the non-delirium group, laboratory findings from the time of transfer to the rehabilitation unit were considered and analyzed. All patients provided written informed consent for their participation in this study, which was approved by the Institutional Review Board of the Hallym University Sacred Heart Hospital (IRB No. 2015-I136).
Statistical analysis
Age, hospital stay duration, and blood tests in the two groups were analyzed using the independent t-test. Data such as sex, history, and surgery were analyzed using the chi-square or Fisher exact test. The logistic regression model included variables that differed between the two groups-age, underlying depression, dementia and diabetes mellitus (DM), admission for musculoskeletal disorder, hemorrhagic or ischemic stroke, white blood cell (WBC), hemoglobin (Hb), hematocrit (Hct), platelet, glucose, blood urea nitrogen (BUN), protein, albumin, total bilirubin, total calcium (Ca), phosphorus (P), aspartate aminotransferase (AST), lactate dehydrogenase (LD), potassium (K), and C-reactive protein (CRP); the known risk factors for delirium-age, sex, surgery on admission, admission for traumatic brain injury (TBI) and sodium (Na); and underlying diseases that proved to have an effect on the reason for admission by chi-square test (hypertension, DM, dyslipidemia, depression, dementia, stroke, chronic alcoholism) and calculated odds ratio (OR). SPSS software ver. 22.0 (IBM, Armonk, NY, USA) was used for analysis, and the statistical significance was set to a p-value <0.05.
RESULTS
During the study period, 537 patients were discharged. After excluding the 139 patients who had been transferred from other hospitals, 398 patients were selected as subjects (Fig. 1) . Delirium occurred in 65 (16.3%) out of the initial 398 subjects (delirium group: 65/398, 16.3%), and the remaining 333 subjects were categorized into the non-delirium group (non-delirium group: 333/398, 83.7%). The participants' demographic data are shown in Table 1 . The average age of the subjects in the delirium group was 69.3±13.9 years, which was significantly higher www.e-arm.org than the average age of the subjects in the non-delirium group (63.5±16.5 years; p=0.009). Days of hospital stay (p=0.021) and pre-transfer days (p=0.005) were significantly higher in the delirium group; while sex, posttransfer days, days of ICU stay, and surgery did not show significant differences.
The reasons for admission were as follows: musculoskeletal disorder (except for spine disorder), TBI, hemorrhagic stroke, ischemic stroke, spine disorder, spinal cord injury (SCI), hypoxic brain damage, brain tumor or abscess, dementia, seizure, encephalitis, Guillain-Barre syndrome, drug induced dystonia, normal pressure hydrocephalus, and aspiration pneumonia. The number of patients who were admitted with musculoskeletal disorder (p=0.002) was significantly higher in the delirium group, while the non-delirium group showed a significantly higher number of patients who were admitted with hemorrhagic stroke (p=0.025) and ischemic stroke (p=0.025) ( Table 2 ). The occurrence frequency of delirium was significantly higher in patients who had DM (p=0.039), dementia (p=0.015), or depression (p=0.015) as underlying diseases (Table 3) .
According to the complete blood count test, WBC (p<0.001), neutrophil count (p<0.001), and neutrophil percentage (p<0.001) were significantly increased in the delirium group. The percentage of lymphocytes (p<0.001), monocytes (p=0.002), eosinophils (p=0.007), and basophils (p<0.001), platelets (p=0.001), and the Hb (p=0.038) and Hct (p=0.006) levels were reduced in 
.
www.e-arm.org the delirium group. Serologic tests in the delirium group showed significant increases in the levels of glucose (p=0.010), BUN (p=0.036), total bilirubin (p=0.006), AST (p=0.009), and LD (p=0.002), while the Ca, P, protein, albumin, and K levels were significantly reduced. The erythrocyte sedimentation rate (ESR; p=0.006) and CRP levels (p<0.001) were significantly higher in the delirium group (Table 4) . www.e-arm.org ESR was excluded from the logistic regression analysis because it had several missing data. Only WBC was included in the logistic regression analysis model because the significant increase in WBC along with increases in neutrophil count and percentage could have been the reason for significant reductions in the other components (lymphocytes, monocytes, eosinophils, and basophils). The OR was the highest in cases in which depression was the underlying disease (p=0.006, OR=7.899). Admissions due to musculoskeletal disorder and TBI had significant OR of 3.071 (p=0.009) and 2.922 (p=0.018), respectively. Among the laboratory findings, the WBC (p=0.003, OR=1.210), BUN (p=0.006, OR=1.061), AST (p=0.012, OR=1.021), and CRP (p=0.001, OR=1.015) levels showed significant positive correlations with the increase in the risk of delirium. The K (p<0.001, OR=0.144) and P (p=0.036, OR=0.600) levels in blood showed negative correlations with delirium occurrence (Table 5) .
DISCUSSION
DSM-V was used in this research to diagnose delirium. The criteria for delirium in DSM-V underwent a substantial change by narrowing the spectrum of arousal states in which delirium can be identified [13] . According to a previous research, the prevalence of delirium was 14%-56% in internal medicine inpatients based on the criteria for delirium in DSM-III [8] , and 5%-20% in patients in elderly hospital settings based on the criteria in DSM-IV [14] [15] [16] . The present study, which used the criteria in DSM-V, showed a prevalence of 16.3%, similar to the results of a previous research.
Delirium is rarely caused by a single factor. In most cases, the complex interaction between patients' underlying conditions (cognitive impairment, old age, alcoholism, visual impairment, etc.) and factors within the hospital (medication, invasive procedure, etc.) causes delirium. The occurrence frequency of delirium increases as the number of underlying diseases increases [7, 17] . According to a meta-analysis by Elie et al. [9] , the four major underlying diseases in patients suffering from delirium are dementia, severe internal disease, alcoholism, and depression. Pompei et al. [18] showed that delirium occurred in patients with cognitive impairment, associated diseases, depression, and alcoholism. The results of the present study revealed that the risk of delirium increased in the presence of DM, dementia, and depression as underlying diseases. Logistic regression analysis showed that underlying depression had the highest OR, and therefore, it is the most potential factor that increases the risk of delirium. Depression has been confirmed to be a strong risk factor for delirium in all previous studies [9, 19] . Patients with depression require closer observation during rehabilitation. This study did not take into account the effects of antidepressants in patients who had taken them previously.
Aging has been identified as the single biggest risk factor for the development of delirium in a previous re- www.e-arm.org search [20] . Among the people in the Netherlands who received nursing home care, delirium was reported in 1%-2% of the population aged over 65 years and in 10% of the population aged over 85 years [21] . In stroke patients, age over 65 years has been reported to be an independent factor for causing delirium [22] . The average age in the delirium group (69.3 years) was statistically significantly higher than that in the non-delirium group (63.5 years) in the present study. However, in the present study, age was not an independent risk factor in the logistic regression analysis. To confirm multicollinearity, the correlation coefficient for age was analyzed with all other variables, and the result (<0.4) did not show a statistically significant correlation. Although it was not shown to be an independent risk factor in this study, age is an important factor nonetheless, because most underlying diseases (e.g., hypertension, DM, and dementia) that are considered to be independent variables in the clinical aspect of this study are age-related geriatric problems. Therefore, treatment of the underlying geriatric disease is important for the prevention or treatment of delirium. Previous studies have reported contrasting effects of gender on delirium, stating that delirium occurrence is higher in either males [9, 23, 24] or females [25] . However, the present study showed no significant differences between the sex ratios in the two groups (p=0.648). Previous reports are not consistent about whether surgery is a delirium-causing factor [23, 26, 27] , and some researchers suggest that delirium occurs in patients who have pre-operative cognitive dysfunction, sedentary life style, low weight, or delayed postoperative ambulation combined with surgery [28] [29] [30] [31] . Although surgery was not an independent risk factor for delirium in the present study, the significant increases in the WBC, ESR, CRP, and BUN levels, and the significant decrease in the K levels in the delirium group suggest that surgery, instead of being an independent factor, increases the risk of delirium indirectly through secondary factors such as postoperative infection, inflammation, dehydration, and electrolyte imbalance. This finding indicates that postoperative care is important in rehabilitation patients.
Most of the previous researches on delirium have focused on patients with a single specific disease. The present study is significant as it included all patients in acute and subacute stages of various disorders and who were transferred to the rehabilitation unit. Musculoskeletal disorder was the most common delirium-causing disease in the delirium group, where hip fracture was present in 62 out of the 70 patients (88.6%). According to Kamel et al. [29] , a delay in ambulation after a hip fracture not only caused delirium but also pneumonia, and it was the reason for long-term admission. It is not possible to state with certainty that delirium was caused in these subjects by delayed ambulation, because time to ambulation was not taken into account. However, it is important to encourage early ambulation in patients based on the results of the previous research.
Hemorrhagic or ischemic stroke was present in only a small percentage of patients in the delirium group in this study, and it was not identified as a risk factor in the logistic regression analysis. According to McManus et al. [32] , stroke itself is a risk factor for delirium, and lesion location, lesion size, cause of stroke, as well as complications such as decreased cerebral perfusion, cerebral edema, and aspiration pneumonia, were related to the occurrence of delirium. Therefore, both initial stroke treatment and rehabilitation can play a role in preventing delirium after a stroke. The risk of delirium would be reduced if a patient was treated in a stroke unit that had well-established initial stroke treatment and rehabilitation programs. The recently published Korean stroke rehabilitation guidelines recommend that acute stroke patients should be evaluated for rehabilitation within 72 hours of admission and rehabilitation should be started as soon as possible once the patient is medically stable [33] . The hospital where the present research was conducted also places all acute stroke patients into an early rehabilitation program after consulting the physiatrist within 24 hours of admission. Since the prevalence of delirium was reduced owing to the well-established stroke rehabilitation program, it is possible that the rehabilitation program was the reason why stroke was not identified as an independent risk factor for delirium in this study. In contrast, TBI was confirmed as a risk factor for delirium. Delirium may result from brain injury itself or from associated medical complications that predispose the patient to develop delirium [34] . Therefore, if TBI patients receive treatment including rehabilitation during the early part of their stay in the specialized unit, the occurrence of delirium may decrease.
Various medical conditions affect the development of delirium. In the study of Dickson [35] , the most frequent www.e-arm.org laboratory abnormality was hypoalbuminemia. The most common chronic medical problems included DM and cardiovascular disease, while infections and trauma were the most common acute problems. In the present study, the two groups showed significant differences in the WBC, Hb, Hct, platelet, glucose, Ca, P, BUN, protein, albumin, total bilirubin, AST, LD, K, ESR, and CRP levels in blood. The WBC, ESR, and CRP levels in the delirium group indicated increased inflammation or infection, which is in agreement with previous studies that reported infection as a major cause of delirium [36, 37] . In particular, WBC and CRP have been identified as independent risk factors for delirium with OR of 1.210 and 1.015, respectively. Since these two factors are correctable, it is important to actively treat and prevent infections in order to prevent delirium. Patients suffering from delirium showed significantly lower levels of Hb and Hct, indicative of hypoxia and anemia, which in turn can reduce the acetylcholine concentration in the cerebrum and produce delirium [38] . Brauer et al. [38] have reported electrolyte imbalance and metabolic disorders as risk factors for delirium. Hyponatremia is the most common electrolyte disorder present in hospitalized patients and a known risk factor for delirium [39] . However, the results of the present study showed no significant difference in the Na levels between the two groups, and instead they indicated low levels of K and P as independent risk factors related to the onset of delirium. The BUN levels in the delirium group were significantly higher and were identified as an independent risk factor for delirium with an OR of 1.06. Inouye et al. [40] stated that a high BUN/Cr ratio was one of the four independent underlying factors along with cognitive impairment, severe disorder, and visual impairment. An increase in BUN levels is related to dehydration. Since low levels of K and P are caused by a deficit of fluid supply, including electrolytes, it is important to supply fluids carefully in order to prevent delirium. Since hypophosphatemia can cause muscle weakening and damage, it is a crucial factor that needs to be corrected in rehabilitation patients who have low muscle strength.
A number of variables examined in this study are thought to increase or decrease indirectly, depending on their interactions with the other factors. The significant decrease in platelets is not equivalent to thrombocytopenia in patients with delirium, but rather can be caused by the postoperative state, anemia, or infection. The albumin and protein levels were reduced in the delirium group; however, they were not identified as independent risk factors for delirium in this study. It is possible that low Ca levels in the delirium group were a secondary effect of reduction in the albumin levels.
Delirium negatively affects recovery from a disease. Inouye and Charpentier [17] showed that delirium is an independent prognostic factor that affects the length of hospitalization even after adjusting for other factors such as age, sex, dementia, severity of disease, and ability to carry out daily life activities. In the present study, the total days of hospital stay and pre-transfer days were higher in the delirium group, while there was no difference in post-transfer days. Fifty-eight of the 65 patients suffering from delirium were diagnosed with delirium before being transferred to the rehabilitation unit. The extension of total days of hospital stay in the delirium group was in part due to delirium before the transfer. If delirium is prevented or diagnosed early, transfer to a rehabilitation unit may be completed sooner, giving the patient sufficient opportunity for rehabilitation. The patient's treatment costs will also be reduced.
To the best of our knowledge, the present study of delirium was the first such study in Korea that involved patients in acute and subacute stages of various diseases as subjects. The present study is highly significant because the authors considered the risk factors for delirium from various angles. Risk factors for delirium were evaluated based on the patients' histories, reasons for admission, and laboratory findings as well as demographic data. Another significance is that the study was conducted in a well-established rehabilitation unit that had a system for multidisciplinary management where physiatrists actively participate in the management of all diseases in acute stages requiring rehabilitation. Since delirium is heavily affected by the patient's environment, our study could have produced different results if it had been conducted in a hospital that did not have a system for multidisciplinary management, as was the case in previous studies. In the future, it is important to conduct research for assessing the general prognosis of delirium in cases in which delirium is caused by various diseases as well as for developing an outcome scale that can be used in all diseases.
Nevertheless, this study had several limitations. First,
www.e-arm.org unlike patients presenting with hyperactive delirium symptoms at the time of diagnosis, patients with hypoactive delirium, who have restricted communication abilities, could have had a delay in diagnosis after their delirium subtype had changed from hypoactive to hyperactive. Second, there is a possibility that the medical histories of patients were incomplete, since the research was retrospective in nature. Third, medication was not considered as a risk factor for delirium in the present study because there are several types of medication and there are no rules that doctors must abide by while selecting drugs for the same symptoms even in the same rehabilitation unit. Therefore, the authors considered that including medication as a factor in this retrospective study could confound the results. Fourth, multiple reasons for admission (aspiration pneumonia, hypoxic brain injury, drug-induced dystonia, Guillain-Barre syndrome, brain tumor/abscess, seizure, encephalitis, dementia, and normal pressure hydrocephalus) were present in fewer than 10 cases, which is a very small number. But, these factors should not be disregarded.
In conclusion, this study identified depression, admission for musculoskeletal disorder, admission for TBI, elevated WBC, CRP, BUN, and AST levels, and low K and P levels as independent risk factors for delirium in patients in acute and subacute stages of various diseases who were transferred to a rehabilitation unit. Early identification of the risk factors can be effective in reducing the occurrence of delirium and in increasing the efficiency of rehabilitation.
